Sustainable energy offers advantages of continuous regeneration, sustainable utilization, and inexhaustibility and plays an important role in the development of the world. In recent years, research on sustainable energy has become an important focus; however, leading sustainable energy technology deserves more attention. Identifying the dominant technology is significant for the decision-making and strategic layout of enterprises. In contrast to traditional technology identification methods,
I. INTRODUCTION
With the intensification of the energy crisis and environmental pollution, as well as the increasing demand for energy, more and more countries begin to strengthen the development and utilization of sustainable energy [1] . However, in the 21 st century, mankind still has no universally applicable concept of ''sustainable development''. A deep reflection of the past developmental process can only lead to the future development of sustainable energy. Addressing the issue of sustainable energy development is vital for the continuation of human civilization and becomes an indispensable basic element for the direct participation in the highest decision-The associate editor coordinating the review of this manuscript and approving it for publication was Eklas Hossain. making at the state level. Sustainable energy includes hydro energy, wind energy, solar energy, biomass energy, geothermal energy, tidal energy, and wave energy. Using these has been suggested as a means to short-term reduction of energy consumption and as a long-term solution for the current environmental problems [2] . The leading technology in this field will play a decisive role in the development of sustainable energy by relevant enterprises and countries.
The leading technology not only represents the main direction of social development within a certain period, but can also lead to significant changes in the social technology system. With the increasing advances of science and technology, the strategy of science and technology is continuously progressing, which has propelled the technical property to a new level. Mastery of the leading technology will be a key factor to improve the core competitiveness of enterprises, and also highlights the importance of leading technology studies. The identification of leading technology could help enterprises to make rapid decisions in the technology selection, conduct scientific layout of related technology patents, consolidate own core competitiveness, and provide a reference for the technologic research and development (R&D) strategy of enterprises. However, there is currently no uniform definition of leading technology. Obrecht et al. suggested that when a technology occupies more than half of the market, it represents its dominant position [3] . However, the afore-mentioned judgment is not based on a combination of changes of technical competition. If a leading technology occupies more than half of the market for a long time, but can still not become the dominant technology, the reason is that other imitating technologies may gradually seize the market. To solve this problem, Suarez provided a more comprehensive basis for evaluation [4] : first, the most obvious phenomenon is that the most important alternative technology withdraws from the confrontation; second, there is a distinct advantage in market share, and the recent market trend reflects the advantage for a continuous strengthening. If there are one or two cases such as these, a technology can be judged to occupy the dominant position. After that, a number of scholars transfer their research focus to the remaining key technology of new energy industry. Suarez et al. used the Kaya equation to determine the core standards of new energy-leading technologies [5] : energy security and emission reduction. She also analyzed the external environment and internal environment of China's new energy technology extension using the technology diffusion model.
In research that identifies the leading technology, scholars have conducted successful explorations. Lee used a series of methods such as text mining, network analysis, and patent research to identify the road and opportunity for an enterprise in technology development. With this method, the core competitiveness and innovation power of enterprises can be improved [6] . Noh applied network analysis to analyze cited patents, with the aim to study the technical distance and the position of referenced patents in the network, to identify key emerging technologies. Noh et al. also developed a patentbased leading technology identification framework using 5G-telecom technology patent data. It their study, the core patents published by the main organization in the field were obtained, and literature coupled with text mining was used to determine its formation trajectory [7] . Edsand utilized a comprehensive framework combining system function and landscape factor and analyzed reasons for the obstruction of the spread of wind energy technology in Columbia. The results confirmed the value of landscape analysis. The results showed that landscape factors should be considered as endogenous factors to promote the diffusion of energy technology [8] . Liu et al. utilized the input-output analysis method and the Python programming language to establish a patent citation matrix. This matrix can identify the induction coefficient and influencing coefficient in the leading technical field and the advanced technology field. The results indicated marine energy technology as the frontier technology, while wind power generation energy technology is the leading technology. Wind power generation technology greatly influenced the development of the whole new energy field [9] .
A number of scholars have explored the leading technology recognition methods with regard to several aspects. They mainly used patent data, but most of these studies focused on the judgment of core patents and technology fields. Consequently, the scientific and complete recognition model in leading technology is missing. To overcome this problem, a visual analysis method was applied in this study to build a leading technology identification model. First, a visual network was constructed using the patent mutual citation relationship to identify the core technology group within the network; Second, the PageRank algorithm was used to calculate the PageRank value of each patent, and the highest score patent group was obtained via ranking; Third, the dominant technology was obtained via cross-comparison of both sets of patent data. Five indicators were selected for a comprehensive evaluation of the patent to verify the accuracy of the visualization model. The model in the paper provides a new method for enterprises to quickly and effectively identify the dominant technology in the process of technology selection, so as to help enterprises to carry out patent layout targeting. Technical roadmap of the paper is shown in Figure1.
The remaining part of this paper is organized as follows. Section II describes the proposed leading technology visualiz model and the result. Evaluation index system is given in Section III. Section IV shows the conclusions.
II. EXPOSITION VISUALIZATION MODEL CONSTRUCTION
Gephi is an open source complex network analysis software based on the Java Virtual Machine (JVM). It is mainly used for the interactive visualization of various networks, complex systems, dynamic graphs, and layered graphs. Developed modules can import, visualize, spatialize, filter, manipulate, and export various types of networks. The visualization module uses a special three-dimensional (3D) render engine to render graphs in real-time. This technique uses the graphic card of the computer, similar to video games, and leaves the CPU free for other computing. It can deal with large networks (i.e. exceeding 20,000 nodes) and, because it is built on a multi-task model, it takes advantage of multi-core processors. The node design can be personalized, and instead of a classic shape it can be a texture, a panel, or a photo. Highly configurable layout algorithms can be run in real-time on the graph window. For instance, speed, gravity, repulsion, auto stabilize, inertia, or size-adjust are real-time settings of the Force Atlas algorithm, which is a special force-directed algorithm developed by our group. Several algorithms can be run simultaneously in separate workspaces without blocking the user interface. The text module can show labels on the visualization window from any data attribute associated with nodes [10] . A special algorithm named Label Adjust can be run to avoid label overlapping.
The software offers powerful functionality, achieves excellent visualization results, and has a relatively simple operation. Therefore, the patent inter citation network of this study used Gephi for visualization processing and analysis. The authors identified the leading technology through the visualization of the patent citation relationship. The data used in this study originated from the global patent statistics database (Worldwide Patent Statistical Database, hereinafter referred to as PATSTAT). PATSTAT is the main database of the patent documents, and was created by the European patent office (EPO Master Documentation Database, DOCDB). PATSTAT aims to provide researchers with a patent database that can be run on personal computers for statistical analysis. Since its release to the public in 2007, PATSTAT has been widely used in the academic world due to its capability for statistical analysis and its unified data compliance [11] .
The citing patent publication number was chosen as 'source' and the cited patent publication number was chosen as the 'target', to obtain the patent relationship for different stages. Since the patent data of the PATSTAT website showed only 500 patent entries per page, while the total number of each technology patents exceed 1000 from 1900 to 2017, the authors manually cut and download the data to ensure data integrity. The three most representative sources of sustainable energy were chosen as research objects: solar energy, wind energy, and water energy. During the data acquisition process for solar energy technology, the retrieval expressions After reprocessing, 9640 patents of wind power gen--eration technology, 7421 patents of hydroelectric power generation technology, and 32918 patents of solar power generation technology were selected as research object. The total number of patent applications was obtained as shown in Figure 2 . The data was cleaned and rearranged according to the CSV format to adapt to the Gephi data model.
The collected data indicates that the number of citations of diverse patents differs. A number of patents are widely quoted; however, there are several technologies that are only recognized in small areas.
Technologies should not become ''technical islets''. Rather, each technology may have evolved from another technology, and the emergence of a new technology is based on numerous existing patents [26] , [27] . Therefore, this study used the patent as a node to study the citation correlation between different patents. According to the attribute value of the data, the authors chose a circle as the whole frame to arrange data. Further technologies that are associated with other technologies are displayed in the PageRank was first proposed by Brin and Page in a paper titled 'The Anatomy of a Large-Scale Hypertextual Web Search Engine' [28] . Their proposed algorithm can evaluate web pages and assign a rank to each page, which can be applied for the sorting of retrieved results (which is widely used by search engines such as Google). The basic idea of PageRank originates from the citation analysis of traditional bibliometrics [12] , [29] . Based on the idea of the PageRank algorithm, an enterprise patent reference network (similar to a web link network) was established by Shu, and the evaluation algorithm of enterprise technical influence was designed [13] .
According to the relevant research of patent networks, this study chose density, average distance, and distance-based cohesion (compactness) to assess the patent citation network. The results are shown in Table 1 . Here, density refers to the ratio of the actual number of connections to the number of all possible connections in the network. Distancebased represents the average shortest path between nodes.
Distance-based cohesion represents the proportion of connections between nodes; a larger value indicates a stronger cohesion.
Compared to the original network and the core patent network of the three sets of data, the density value increases obviously, and the average Distance-based value is shortened. This indicates that the core technology has a strong degree of mutual quotation. The increasing value of Distance-based cohesion over the entire network indicates that the number of island nodes in the core technology network is small, and that the core network has high cohesion.
In this study, the number of link-in web pages corresponds to the number of cited patents, and the number of link-out web pages corresponds to the number of cited patents. The application of PageRank in this paper is more advantageous than the analysis of the web process. The reason is that patent references do not involve loops; therefore, there no mutual quotas between A and B will appear. If patent A cites patent B, the publication time of patent A was later than that of patent B and consequently, patent B will not use patent A. Based on the advantages of this method in theory and practice, this study used the PageRank algorithm to construct the model.
The calculation of the PageRank algorithm can be briefly described using a small group composed of four pages: A, B, C, and D. If all pages are linked to A, the PR (PageRank) of A is the total value of B, C, and D, which is
B can also link to C, and D has three pages linked to A; however, it cannot vote for a page twice. Therefore, B can only have half a vote per page. In the same way, D can only have three points and one vote is cast to the PageRank value of A; therefore, the PR value of A can be obtained as:
Based on the PR value of link-out pages, L(X ) represents the link-out pages' number of X, and Equation (2) can be rewritten as:
The authors call the Plug-in unit of PageRank to obtain the ''network rankings'' window. To treat all link out pages fairly, the authors set q = 0.85 (q is a damping factor, which indicates the probability that a user opens a page and continues to browse). 1 -q = 0.15 is the probability that users will no longer click the new URL. The PageRank algorithm applies q = 0.85 to all pages to reflect the probability that a page can be bookmarked by people on the Internet. The PageRank value of a page without links will be 0; therefore, Google estimates the initial PageRank value of each page based on a mathematical system, which is shown in Equation (4):
Here, p 1 , p 2 , . . . , p i represent the studied page. A link in the network leads from page p j to p i . L(p j ) represents the number of link out pages from p j . N represents the number of all pages. The PageRank value of all pages is a feature vector in a special matrix, which is shown in Equation (5):
Here, p N represents the last studied page. Therefore, the PageRank value of a page is calculated by the PageRank value of other pages. The PageRank algorithm constantly repeats the PageRank value of each page. If each page receives a random PageRank value (other than 0); then, the PageRank values of these pages tend to be normally distributed and stable after repeated calculations. Figure 6 shows the resulting distribution of the PageRank algorithm. Due to the large number of nodes, the PageRank score was close to 0 [30] . Based on the results of the PageRank calculation, the 20 leading patents were obtained through cross comparison between the top 25 patents. The visualization results of each technology are shown in Table 2 (Core Position Ranking; CPR).
In this section, the PageRank algorithm was used to identify the dominant technologies in the field of wind power, hydroelectric power, and solar energy. The main purpose was to clarify the priority development level of related tech-nologies. Relevant results enable enterprises to realize the required development mode based on the dominant technology, and to continuously enhance their core competitiveness. In a number of emerging areas, due to the small number of technologies, the core position of the dominant technology is not obvious, and it is impossible to provide an effective judgment. Further research on this will form a follow-up paper.
III. CONSTRUCTION OF THE INDEX EVALUATION SYSTEM
To verify the recognition results of the visual models, this study used an index system to comprehensively evaluate each patent. Number of patents cited, country number of patented family, scope of patent coverage, number of patent claims, number of patent litigation, average annual patent citation frequency, patent citation frequency of documents, patent number of the same family, patent designated country are common indicators for dominant technology evaluation. After a comprehensive comparison of the existing achievements [16] - [18] , the authors chose five most representative indicators, which include ''number of patents cited'', ''number of patent claims'', ''scope of patent coverage'', ''country number of patented family'', and ''number of patent litigation'' for recognition. The specific reasons are explained in the following: 1). Number of patents being cited (NPC). In the current patent evaluation system, the number of citations is the highest degree of identification. In general, the more often a patent is cited, the more important it is in this technical field [14] . In addition, Li pointed out that the number of citations is more important than the number of patents, since it is a symbol of the technological competitiveness of enterprises [15] . Avery et al. suggested that the number of patents is a good reflection of the importance of a patent, because the patent uses core technology when it is invented. Therefore, the number of patents can be used to identify whether it is a core patent [16] .
2). Country number of patented family (CNPF). CNPF refers to the number of applications that are submitted by a patent to different countries. Existing research indicates that more family numbers indicate a higher cost of patent input, and a greater commercial strategic significance and market value. Dietmar et al. recognized that the number of family patents is effective when evaluating patent indicators [17] . Markus et al. suggested that the size of the patent family is an effective reflection of the technical quality of a patent [18] . By studying the European patent data, Schettino et al. concluded that the size of the patent family reflects the importance of a technology [19] .
3). Scope of patent coverage (SPC). In general, patent coverage refers to a technology's own content and the technical scope covered. Petruzzelli et al. [20] , reported that a larger patent coverage indicates a higher number of patent citations from the follow-up technologies, which presents an inverted U-type relationship. Lerner used the first four different international patent classification(IPC) classification numbers to identify the scope of the patent technology. The results show that a wider scope of a technology indicates a more advanced innovation, and a better patent quality [21] . 4). Number of patent claims (PN). This index represents the technical content and technical level of a patent. The more patents are claimed, the wider the scope of a technology's protection, and the higher quality of the patent [31] . Tong et al. studied the relationship between technological creativity and the number of claims, and reported that the number of claims exerts an important impact on innovation ability. The authors randomly selected 7531 patents from the USPTO patent database and found that a higher number of rights in the patent literature indicates a stronger ability of the patent's technological innovation [22] . 5). Number of patent litigation (PL). Patent litigation refers to all litigation concerning patent disputes. A patent that is involved in disputed cases has a high legal effect and market value. Elettra et al. used the patent litigation index for the patent value evaluation, and integrated fuzzy mathematics, which effectively identified core patents [23] . Cremers suggested that more valuable patents are more likely to encounter lawsuits [24] .
The relevant data of the five indicators are from the European Patent Office. The paper downloaded all the data up to December 31, 2017. The accuracy of these data has been recognized by the European Patent Office [32] . 1 From the different types of identification methods, the single index recognition method can quickly identify important patents. Further benefits are its ease of operation; however, the recall and accuracy of the patent are poor. In comparison, the combination index identification method could be a more scientific and comprehensive assessment of each patent. The value of the index can be synthetically evaluated to identify dominant patents. The five indicators mentioned above play important roles in measuring the patent value. First, the five indexes cover the four aspects of patent quality influence, area protection range, technical protection range, and technical level. These measure the patent value more comprehensively. Secondly, the five indicators are the most frequently used in the index system of OECD, CHI's Research, and the National Intellectual Property Office of China. Third, PATSTAT could provide the citation index data of the global patent, which includes the five indexes selected [32] . Consequently, it is feasible to use these indicators in the evaluation system. Therefore, this article chose these indicators to conduct a more comprehensive, scientific, and operational measurement of the patent value.
Based on the mentioned mark-up principles and cited numbers, 20 dominant technologies were marked, and compared to the results of visual model recognition. The results show that 16, 17, and 17 patents were identified as dominant technologies of wind power generation technology, hydroelectric power generation technology, and solar power generation technology, respectively. The accuracy rates reached 80%, 85%, and 85%, respectively. Therefore, the visualization model achieved high accuracy in identifying dominant technologies.
For the identification of leading technology, it is possible that both ''misjudgment'' and ''missed judgment'' exist. When analyzing the effect of recognition, the authors not only regarded accuracy as a single standard of judgement, but also considered the rates of both misjudgment and missed judgement. Both are part of the proposed model; the reason is the high number of citations but the low number of subordinates. For example, the total citations of ''CN101280942(A)'' in wind power generation technology, ranking 10 th . However, it is in the periphery of the visual circular section and the PageRank value ranks behind. Therefore, the model is not identified as the dominant technology, and there are 10 identical cases in the data sample. The reason is that the visual model only tracks the technical reference, while not taking the coverage of a single patent, the number of litigations, and family size into account. Therefore, the attribute of the visual model determines the unavoidable leakage. However, Table 3 clearly shows that the recognition effect of the model is worthy of recognition, since it identified 17 dominant technologies. The correct rate is far higher than the missed rate. This also confirms the results obtained by Ma et al. who reported a 77.27% correct rate in the process of recognition [25] . The PageRank algorithm model proposed in this paper achieved a recognition rate of 80%; thus, this model is valuable.
IV. CONCLUSIONS
The paper constructs an identification model of sustainable energy dominant technology. Firstly, a visual network is constructed via patent mutual citation relationship to obtain 25 core technologies at the core position of the network. Secondly, the PageRank value of each patent is calculated via the PageRank algorithm, and 25 patents with the highest scores are obtained by ranking. Thirdly, the two sets of patent data are compared to obtain 20 patents as a results of visualization model. Finally, to verify the accuracy of the visualization model, five indicators are selected to comprehensively evaluate the patent. The results indicate that the recognition accuracy of the visualization model exceeded 80%, indicating that this visualization model has high accuracy. This result also shows the scientificity of the evaluation indicators. The model in the paper provides a new method for enterprises to quickly and effectively identify the dominant technology in the process of technology selection, so as to help enterprises to carry out patent layout targeting. Due to the historical bias of the PageRank algorithm, the dominant technology identification is mostly older technology, which cannot be used to judge the dominant technology of emerging areas. To predict dominant technologies in emerging areas, the author will formulate a development track of dominant technology by changing its characteristics in different time periods. This will form a follow-up study of this paper.
